Objective: Evaluation of gait performance and muscle activity patterns as well as clinical efficacy and safety after single intraarticular injection with hyaluronan compared with triamcinolone in patients with knee osteoarthritis.
INTRODUCTION
Osteoarthritis (OA) is the most common chronic joint disease of the aging patient [9] . The primarily affected joints are the knee and hip. The progress of the disease has an important influence on the patient´s life, including functional and social activities, body image and emotional well being [5] . Furthermore, socioeconomic aspects play an eminent role in the treatment of osteoarthritis in joints [28] .
In non-operative treatment, pain reduction and improved function are the primary goals. It is important to distinguish between systemic and local therapeutic options. In the systemic treatment, palliation of pain can be achieved by simple analgetics, non-steroidal anti-inflammatory drugs and opioids. Local therapy can selectively treat the symptomatic joint. Intraarticular application of different drugs by injection can be performed. Glucocorticoids are the most commonly used intraarticular agents, which reduce pain and improve function and well being [23] . In recent years, the intraarticular use of different hyaluronan (HA) products became more widely accepted. Hyaluronan is a physiological component of the synovial fluid and cartilage matrix. It is responsible for the viscoelastic properties of the synovial fluid. In osteoarthitic joints, the molecular weight and the concentration of endogenous HA are decreased compared with healthy joints [6] . This implies a reduction of the viscoelasticity of the synovial fluid. In order to restore this viscoelasticity, augment the flow of the synovial fluid, normalise the synthesis and inhibit the degradation of endogenous hyaluronan, an application of exogenous HA can be performed [22] . The therapeutic effects and the safety of intraarticular application of HA in the treatment of OA in the knee have been demonstrated in several clinical trials [2, 8, 13, 21, 24, 25, 29] . Until now there are only three studies that objectively analysed few aspects of the functional outcome after treatment with HA.
The aim of this study was to analyse the difference of the functional and clinical outcome after intraarticular treatment of patients with osteoarthritis of the knee with a single injection of hyaluronan (HA) or Triamcinolone (TA) with respect to the quality of life during the study period. The main focus of our investigation was the functional assessment with clinical gait analysis and static and dynamic electromyography of knee joint stabilizing muscles in addition to safety issues and clinical results of the therapy.
MATERIAL AND METHODS

PATIENTS
Sixty patients with radiographically verified degenerative osteoarthritis of the knee were included. This investigation was appoved by the local ethic committee (Ärztekammer Westfalen Lippe: Reg.Nr.: 3II Fuchs) and an informed consent was obtained from all participants.
The inclusion criteria were: men and women between 35 and 80 years of age, radiographically verified degenerative osteoarthritis of the knee (grade II or III according to the Kellgren and Lawrence classification) pain of at least 40 mm on a 100 mm visual analogue scale (VAS) at initial examination, persistent pain for at least 6 months, a Lequesne-Score of at least 10 points, good physical and mental status, good compliance and agreement to participate in this study [11, 15, 18] .
Exclusion criteria were: patients with non-degeneratively induced osteoarthritis, rheumatoid arthritis, ligamentous instability or complete resection of the meniscus, Sudeck´s disease, operations of the affected knee within the last three months, varus or valgus deformity of more than 15 degrees, patellofemoral arthritis, intraarticular therapy of the affected joint within the last 6 months with hyaluronan and three months with glucocorticoids, severe systemic diseases (tumor, exacerbated diabetes mellitus, hyperthyroidism), anti-thrombotic medication or regular medication with NSAID/psychiatric pharmaceuticals, infectious diseases, alcohol abuse, drugs, psychiatric diseases or suicidal tendencies, involvement in another study, non-compliance, acute hemarthros or joint effusion, allergic predisposition, skin infections or skin diseases around the knee.
STUDY DESIGN
The study was a prospective, randomized, monocentric, patient-and observer-blinded clinical trial. With a computer-assisted randomisation, the patients were assigned to the respective therapy. Each therapy group consisted of 30 patients. The patients received one intraarticular injection of hyaluronan (HA) (3 ml, Durolane ® , 20 mg/ml non-animal stabilized hyaluronic acid (NASHA) in buffered physiological sodium chloride solution pH 7 in one pre-filled glass syringe in sterile pack; Q-Med AB, Seminariegatan 21, SE-752 28 Uppsala, Sweden) or triamcinolone (TA) (1 ml, Volon A10 ® , 10mg triamcinolone acetonide, 10mg/ml; Bristol-Myers Squibb GmgH, 80632 München, Germany).
The mean study period was 104 (SD = 14.4) days for each patient. This period included the screening visit and the wash-out period of previous medication for two weeks if necessary, one injection of HA/TA and one follow up visit, 12 weeks after the injection.
WASHOUT AND ESCAPE MEDICATION
To evaluate the efficacy of pain reduction, anti-inflammatory and analgetic medication was terminated two weeks before the first injection of the test drugs. During the wash-out period, the patients were allowed to use paracetamol of up to 2 g/day. Further 100 mg/day acetylsalicylic acid were allowed for patients with cardiovascular diseases.
Use of the salvage medication was recorded in the patient's diary. Patients with a higher usage of the allowed medication or medication with other analgetics were excluded of the study and were not substituted.
ASSESSMENTS
After checking the inclusion criteria and inclusion in the study, all study relevant data of the patients were recorded in the screening visit. The radiographic grade of osteoarthritis was classified according to Kellgren and Lawrence [15] . If the patients were using a medication that did not conform to the study design a wash-out period of two weeks was induced. After a wash out period as well as in the follow-up visit an instrumented gait analysis and electromyographic examination were performed.
For the instrumented gait analysis reflective markers were applied according to the Helen-Hayes marker set. The marker movement was recorded with a six camera system (Motion Analysis Corporation, Santa Rosa, USA). Ground reaction forces were recorded with two force platforms embedded in the walkway (Advanced Mechanical Technology, Inc., Watertown, MA, USA).
The electromyographic activity patterns during walking were recorded with bipolar surface electrodes from the following knee stabilizing thigh and shank muscles: rectus femoris, vastus medialis, vastus lateralis, semitendinosus, long head of the biceps femoris, tibialis anterior and medial gastrocnemius. Electrodes were positioned at defined anatomical landmarks according to the SENIAM recommendations [10] on the affected and contralateral extremity. The skin was cleaned and prepared (Nuprep Abrasive Skin Prepping Gel, Orlimed GmbH, 70780 Filderstadt) and self-adhesive, pre-gelled electrodes (Blue Sensor, Medicotest Oelstykke, Denmark) were attached to the marked locations on the skin. The EMG signals were amplified with a gain factor of 1000 and A/D converted and stored with 1000 Hz per channel and 12 bit resolution (MyoSystem 2000, Noraxon, Scottsdale, Arizona).
EMG activity patterns of at least 20 gait cycles were recorded and the initial contacts of the left and right foot were manually marked with two switches. These markers were used to subdivide the recordings into single gait cycles that were time normalized and averaged after root-mean-square rectification over 50 data points (MyoResearch, Noraxon, Scottsdale, Arizona, USA). Mean and maximum EMG amplitudes were determined from these averaged EMG signals.
Futhermore, the visual analogue scale for pain (VAS) [11] , Knee Society Score (KSS) [12] and Lequesne Score [18] were used for clinical evaluation. Supplementary quality of life was quantified at each visit with the SF-36 health questionnaire [4] .
STATISTICAL METHODS
The statistical analysis was performed for the two different treatment groups as well as for each treatment group themselves and intraindividual analysis of af-fected and non affected extremity. For more than two dependent parameters the Friedman-test and for two dependent parameters the Wilcoxon test was used. For two independent parameters the Mann-Whitney U test was used. All tests were performed with commercial software (StatView 5.0; SAS Inc., Cary, NC, USA).
RESULTS
Complete follow up data were obtained from 50 of 60 patients (83.3%). Demographic and clinical data of these 50 patients, who were included in the final evaluation, are presented in Table 1 . At first the results of each group will be presented separately and afterwards the two groups will be compared.
HA GROUP
Twenty four patients of the HA group were included in the final analysis. Six patients were excluded because they canceled the participance in the study due to persistent knee pain without a benefit after the injection or a necessity of another therapy. In the 30 injections performed in this group we did not register any adverse reaction.
Intrumented gait analysis showed improvement of the mean values especially for stride length, walking speed and range of motion of the hip and knee. For the parameters maximum hip flexion (p = 0.0177), hip range of motion (p = 0.0043) and knee range of motion in stance (p = 0.0425) a significant improvement in the two visits was found ( Table 2 ). The electromyographic examination of the lower extremity muscles did not reveal significant changes in the maximal voluntary contractions or in the muscle activitiy during gait. The only effect was seen in a significant decrease of the maximal EMG amplitude of the vastus lateralis muscle (p = 0.0163). Regarding the contralateral extremity not affected by gonarthrosis a similar muscle action was detected except for the gastrocnemius medialis muscle showing a significant increase of the maximal muscle activity (p = 0.0164) ( Table 3 and 4) . Differences between the affected and non-affected extremity could not be demonstrated either.
The clinical examination of the VAS for pain revealed a significant decrease in the HA group from 54.9 mm in the screening visit to 44.0 mm in the follow-up visit (p = 0.0416). The mean values of the Lequesne Score improved significantly in the HA group from 11.9 points in the screening visit to 10.1 in the follow-up visit (p<0.0001). The KSS showed in the subscales Knee-Score and Function-Score as well as in total KSS an improvement of the mean values from the screening to the follow-up visit. A significant improvement could be demonstrated for the subscale Knee-Score and the total KSS ( Table 5 ).
The evaluation of the SF-36 health questionnaire in the HA group revealed an improvement of the mean values especially for the parameters physical role (RP) and emotional role (RE). Significant improvements were not found for any parameter (Fig. 1) .
TA GROUP
In the TA group 26 of 30 patients were included in the statistical evaluation. Four patients were excluded. Two patients terminated the participation in this study because of persistent knee pain and the necessity of other therapy, one patient was excluded because of disc prolaps with the need of non-allowed medication and a need for a hospital treatment and the fourth patient was excluded because of persistent pain and knee joint effusion and the necessity of non-study-conforming therapy. An infection of the knee could be excluded by an aspiration. In the 30 injections performed in the TA group there were no complications or adverse reactions.
In the instrumented gait analysis of the TA group a significantly shorter stance phase (p = 0.0258) and longer swing phase (p = 0.0258) were evident ( could not be evaluated, nor between the affected and non-affected extremity.
The electromyographic examination showed no changes of maximal EMG amplitudes neither for the affected nor for the non-affected extremity ( Table 3) . The analysis of muscle activity during gait reveals in this group a significant improvement of the activity of the semitendinosus (p = 0.0385) and for the non affected extremity significant improvement for vastus lateralis (p = 0.0409) and medial gastrocnemius (p = 0.0032) ( Table 4) .
The results in the VAS for pain declined from 52.9 mm to 42.5 mm without a significance. In the Lequesne Score the TA group achieved a significant increase from 11.6 to 9.7 points (p<0.0001). Furthermore, the KSS showed a significant improvement in the knee subscale and for the total KSS score from 143.8 to 149.8 points (p = 0.0069) without a significance in the subscale function ( Table 5) .
The results of the SF-36 health questionnaire revealed an improvement especially for the parameters physical role (RP), bodily pain (BP), vitality (VT) and emotional role (RE). Impairment were revealed for the remaining parameters. The general health perception showed even a significant decrease from 62.3 to 56.5 points (p = 0.0065) (Fig. 1) .
COMPARISON OF THE HA AND TA GROUP
Comparison of the two groups revealed no significant differences for the gait analysis and electromyographic examination or for the clinical parameters and scores, even though significant improvements of several functional parameters and pain could be demonstrated in each group.
DISCUSSION
In the present study the objective parameters of a computer-assisted gait analysis and electromyographic examination were evaluated in addition to clinical parameters and quality of life, after intraarticular treatment with hyaluronan and triamcinolone. A significant improvement of functional ability as determined by clinical gait analysis and electromyographic changes could only be demonstrated for a few parameters. However, further findings of this prospective, randomized, double-blinded, monocentric study show a significant pain reduction, especially in the HA group, and significant improvement in the clinical scores in both study groups. Significant differences in functional and clinical efficacy between hyaluronan and triamcinolone could not been revealed.
The course of action of hyaluronan in the treatment of osteoarthritis is still unknown. In recent years, numerous studies evaluated the efficacy of hyaluronan. In spite of different study designs and application frequencies of hyaluronan with different molecular weights, several studies demonstrated that intraarticular viscosupplementation can sufficiently reduce pain, improve function and quality of life [1, 16, 20, 29] . However, there is no accurate consensus or recommendation for the mode of treatment with hyaluronan [3] .
The main topic of this study was the examination of gait and muscle activity before and after treatment with single injection of high-viscosity hyaluronan. Three previous studies evaluated gait or muscle function after intraarticular treatment with hyaluronan. Miltner et. al reported about the influence of intraarticular treatment with hyaluronan on isokinetic muscle strength and total work measured with the Cybex 6000 [19] . They found a significant difference of peak torque and total work. As potential reasons for these changes the authors suggested pain reduction and better interaction of mechanoreceptors and nociceptors which improved joint mechanics and muscular function. Tang et al. performed two case-comparison trials and reported a significant increase of concentric and eccentric muscle strength and significantly improved gait patterns and improved ground reaction forces six weeks after HA treatment. Both measurements were performed one week after the last injection and the contralateral extremity was used as a control [26, 27] . Similarly, Yavuzer et al. reported a significant improvement of extensor and adductor moments, range of motion and GRF [30] . Noticeable and relevant gait pattern changes were seen in the improved hip and knee range of motion in the HA group. In all these studies hyaluronan was applied up to five times. In the present investigation with the single infiltration of hyaluronan, the electromyographic analysis did not reveal the expected changes of muscle function. The tendency of gait changes and EMG results is compa- rable to the observations of Tang at al. [27] . In our investigation no significant improvement or a difference between the two experimental groups was seen. Both, the comparison with the contralateral extremity of the examined individual and the comparison with the control group could not demonstrate the differences for gait patterns and muscle activity.
The clinical results of our study revealed a sufficient and significant pain reduction in the VAS and an improvement in the Lequesne and KSS score, similar to other trials [13, 14, 17, 20, 25, 29] . An improvement of quality of life could also be demonstrated in both treatment groups for several parameters. At the follow-up visit, 12 weeks after intraarticular injection, hyaluronan showed a greater efficiency in pain reduction than triamcinolone. These results are in accordance with the results of other investigations that described a longer-lasting benefit of hyaluronan compared to triamcinolone and placebo treatment [8, 13, 14] . Therefore, the established loss of efficiency after a period of 5 to 13 weeks after application was the reason for the endpoint of this study with a 12 week follow-up after the last intraarticular injection [7, 8] . However, a major advantage of the hyaluronan drug used in this study is the frequency of application in comparison to other drugs since only a single application led to an improvement for 12 weeks. That implies an evidently lower risk of infection which can be caused by injecting the drug.
One of the eminent critical arguments in many trials is the high drop-out rate. This is one of the limitations of this study. The present drop-out rate in the HA group was due to persistent pain and led to reduction of the statistical power of this investigation. This problem, especially pointed out by Leopold et al. [17] , plays an important role in study designs with a long follow-up and in comparison of efficiency.
In conclusion this study demonstrated that treatment with a single injection of high-viscosity hyaluronan can sufficiently reduce pain, improve knee function and enhance quality of life. Furthermore, this drug is safe and well tolerated. However, no significant improvement in gait and muscle activity patterns could be demonstrated in comparison with triamcinolone.
CONCLUSIONS
This investigation demonstrates the potency of hyaluronan in the treatment of osteoarthritis of the knee. Single application of high-viscosity hyaluronan shows only few significant improvements in the objective gait analysis for the intraindividual course. This is a disappointing result regarding to the conspicuous improvement of pain reduction as well as clinical results which were demonstrated once more. Even if there was a lack of significant differences compared to triamcinolone, the single injection of hyaluronan can be classified as safe and effective in the conservative treatment of osteoarthritis in the short follow-up, reducing the risk of infection due to the application frequency compared to other preparations. Further investigations are needed to verify the stadium related efficacy of hyaluronan to optimise this drug therapy.
